Recently, systematic research work on excitation out of metastable helium has been carried out. Experimental measurements reveal significant differences of physical description between excitation out of the metastable levels and excitation out of the ground levels: the excitation cross section for the 2 3 S-3 3 P excitation which correspond to dipole-allowed optical transitions is smaller than the corresponding 2 3 S-3 3 S, 2 3 S-3 3 D excitation cross sections. This is in contrast to the trends observed for the excitations out of the ground level.
Most recently, Piech et al (1997) and Lagus et al (1996) reported measurements of absolute direct cross sections for electron excitation out of the 2 3 S level and into the 3, 4, 5 3 S; 2, 3, 4 3 P; 4, 3, 5 3 D levels of the helium atom from threshold to 18 eV and into 2, 3 3 P; 3 3 S and 3, 4 3 D for energies up to 500 eV. Theoretical calculations of excitation out of the metastable level 2 3 S of helium to the higher-level cross sections have been performed by a number of different methods: the multichannel eikonal theory (MET) of Flannery and McCann (1975) , the R-matrix method (RMM) of Berrington et al (1985) , the distorted-wave approximation (DWA) of Mathur et al (1987) , the updated multichannels eikonal theory (DMET) of Mansky and Flannery (1992) , two versions of the first-order many-body theory (FOMBT) of Cartwright and Csanak (1995) and the convergent close-coupling (CCC) method of Bray and Fursa (1995) . It is interesting to note that these different theoretical calculated cross sections for excitation out of the metastable 2 3 S state of helium into various excited levels display distinct disagreements with experimental measurements. A discrepancy between theory and experiment exists for the ionization of metastable helium, as well as for differential cross sections for metastable helium. At the same time, different theoretical calculations show significantly different results. This is a reflection of the difficulty of the accurate theoretical studies of electron-impact excitation out of excited states, thus, more theoretical and experimental efforts on studies of excitation out of metastable states are necessary. In this letter, we extend a coupled-channels optical calculation to electron collision with excited helium. In the present calculations, the lowest 14 channels are included in P -space. The ionization continuum is described by adding a complex polarization potential to the coupling potential. The only approximation made is the neglect of coupling of channels within the continuum space (Q-space). A simpler version of the coupling potential makes an equivalent-local approximation for the matrix elements of the polarization potential. In order to investigate the contributions of the continuum of the excited target to cross sections, we also calculated ionization cross sections of the metastable 2 3 S level of helium from threshold to 500 eV using the optical potential model.
Details of the calculation
A detailed description of the CCO method for electron-atom scattering has been given by McCarthy and Stelbovics (1983) . Further details of the generalization of the CCO to allow for many-electron targets have been given by Bray et al (1989) . The optical potential for two valence electrons is calculated by the method of McCarthy et al (1988) .
Essentially, the CCO method involves the solution of the set of coupled integral equations
where
is the T -matrix element for the transition from the (N + 1)-electron channel state |j k j to
is the formally exact solution of the (N + 1)-electron Schrödinger equation with total energy E for entrance channel j , while l is the energy of the Nelectron target state |l . The target states are described in a configuration-interaction (CI) representation.
The first-order electron-target potential V includes the appropriate exchange operator. The complex polarization potential V (Q) is formally written as
where the Feshbach operators P and Q project the explicitly coupled channels and the remaining channels, respectively. Using the notation of McCarthy et al (1988) , the polarization potential V (Q) for continuum excitation of helium is given as
where (−) (k < ) is a Coulomb wave, orthogonalized to the bound state in the same amplitude factor, which represents the slower electron. The spin coefficients a S and b S are given by McCarthy et al (1988) . The half-on shell polarization potential is given by the appropriate angular momentum projection of V (Q) ,
where 
Results and discussion
In the present calculation the P -space consists of the lowest 14 channels: 2, 3, 4 1 S; 2, 3, 4 3 S; 2, 3 1 P; 2, 3, 4 3 P; 3 1 D and 3, 4 3 D. The Q-space includes the continuum. The basis used in the CI representation of these states consists of all allowed excitations of electrons in the 1, 2, 3, 4s; 2, 3p and 3d Hartree-Fock orbitals, with higher excitations allowed for bys,p andd pseudo-orbitals. Polarization potentials that describe the continuum of Q-space are included for all couplings of the 2 3 S metastable states to the singlet and triplet n = 3 and 4 states and for the diagonal matrix elements for these states. The quality of the description of the continuum is tested by comparing total ionization cross sections with experiment at the energies of the calculation: from 6 to 500 eV. The comparison is shown in figure 1 . The calculations of ionization cross section are performed by using an optical model, which is given in McCarthy and Stelbovics (1983) . Compared to experimental data, the calculated ionization cross sections are somewhat too low at lower energies, but the present total ionization cross sections are in excellent agreement with the experimental data at above 60 eV. We note that the present ionization cross sections seem to tend to merge with the value of CCC at 31 eV. The integrated cross sections for 2 3 S into 2 3 P, 3 3 S, 3 3 P and 3 3 D excitation are shown in figures 2-5 separately and compared with experimental measurement (Piech et al 1997) and other available theoretical calculations. In the present results, a maximum can be found at about 6 eV for excitation cross sections of 2 3 S into 2 3 P, 3 3 L levels. There are some discrepancies among different theoretical calculations, particularly at lower energies. Above 15 eV, the data of present CCO, CCC (Bray and Fursa 1995) and MET (Flannery and McCann 1975) become very close. Agreement between theory and experiment is also poor. Figure 6 displays differential cross sections for 2 3 S- (Bray and Fursa 1995) and the experimental data are from Dixon et al (1976) . Piech et al (1997) and various theoretical calculations for 2 3 S-3 3 S.
2 3 P, 3 3 L energy levels at 20 eV, along with experimental data of Müller-Fiedler et al (1984) and different theoretical results. For 2 3 S-2 3 P, the present result is in excellent agreement with the calculation of CCC, and all theoretical calculations are very close. Agreement between theory and experiment is good. Only after 100
• are results of CCO and CCC lower than FOMBT (Cartwright and Csanak 1995) and DWA (Mathur et al 1987) . It is caused by different treatment of the target continuum. For 2 3 S-3 3 D the present result gives the same qualitative shape with the CCC calculation at small angles, and shows differences at middle and backward angles. For 2 3 S-3 3 P the present CCO calculation is vastly different from CCC and other calculations. It has a very slight dip in the cross section at about 12
• , the experimental data show a similar slight dip in the same region, but their absolute values are well above all the calculations. CCC gives a deeper dip, and the FOMBT gives the deepest dip at this region. Figure 6 presents the DCS for the 2 3 S-3 3 S excitation; the present CCO calculation shows a smaller dip than CCC at about 20
• . In order to investigate the effects of polarization interaction, we carried out pure close-coupling (CC) calculations for comparison. The results of CC for DCS are also displayed in figure 6. They show the same behaviour with CCO calculations at small angles, but give considerably different curves at middle and backward angles.
Conclusion
We have performed systematic calculations for DCS and TCS of electron scattering by helium in its metastable 2 3 S state to the higher excited states n 3 L. The effects of polarization potential are studied in the CC and CCO model. At lower energies, polarization interaction plays an important role for TCS. The polarization potential has a significant effect on DCS at middle and backward scattering angles.
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